Throughout much of Asia, slow lorises (Nycticebus) and tarsiers (Tarsius) live allopatrically, but on several islands, including Sumatra and Borneo, they occur in sympatry. Dwindling habitats could result in resource competition within these sympatric populations, as the diets of these species overlap. To assess the possibility of resource competition, we gathered data from the literature on the abundance and microhabitat structure of slow loris and tarsier species throughout their ranges. We also estimated abundances of Bornean lorises Nycticebus menagensis and western tarsiers Tarsius bancanus borneanus and investigated their habitat use in Sabah, Malaysian Borneo. We predicted that species living sympatrically would favor different heights, and thus different microhabitat structures from congeners, and have lower abundances compared with allopatric species because of limiting factors. Across their ranges, loris density did not vary regardless of whether they were allopatric or sympatric. However, across sympatric and allopatric tarsier ranges, there were significant differences in densities (sympatric: 3−27 ind. km −2 , allopatric: 57−268 ind. km −2 ). Microhabitat use varied significantly between sympatric and allopatric loris populations (p = 0.036) but not between sympatric and allopatric tarsier populations. Our results, although based on a limited amount of data, suggest that tarsiers are impacted by the presence of slow lorises in their habits, and these populations should be monitored, especially as habitat sizes dwindle and resources continue to become scarce.
INTRODUCTION
Studies on Asian nocturnal primates, the lorises and tarsiers, are still lacking, despite the importance of understanding the behavior and ecology of these species for conservation. This is partially due to the taxonomic compexity of slow lorises and tarsiers.
Only in the past 2 decades was the highly polymorphic slow loris (Nycticebus spp.) split into 8 species (N. bengalensis, N. coucang, N. javanicus, N. menagensis, N. pygmaeus, N. bancanus, N. borneanus, N. kayan) (Groves 1998 , Ravosa 1998 , Roos 2003 , Chen et al. 2006 , Munds et al. 2013 . Over a similar period of time, the number of tarsier species has increased from 3 to 11 (Niemitz 1984 , Musser & Dagasto 1987 , Shekelle et al. 2008 ), suggesting that further taxonomic divisions are possible at the species and even genus levels (Shekelle & Salim 2009 , Groves & Shekelle 2010 ; we should note here that we use the single genus classification for tarsiers as found on the IUCN Red List (IUCN 2013) . Our understanding of the taxonomy of these primates is improving, but it emphasizes how little we know about these species.
Research on their abundance, habitat use and other behavioral ecological aspects is required to be able to conserve these nocturnal primates.
For the most part, slow lorises and tarsiers have an allopatric distribution (Gursky 2007 , Nekaris & Bearder 2007 . Slow lorises are distributed in mainland Southeast Asia, from northeastern India and southern China south to the Thai-Malay Peninsula, and further south onto the Sunda Shelf Islands of Sumatra, Borneo and Java, whereas tarsiers have an insular distribution further to the east. One species of tarsier is found on the southern Philippine Islands, several species occur on Sulawesi and offlying islands, and 1 species occurs on Borneo and Sumatra. While there are 2 areas where 2 species of slow loris live sympatrically (i.e. Nycticebus bengalensis and N. pygmaeus in Indochina east of the Mekong River, and possibly N. menagensis and N. kayan in parts of northern Borneo; Munds et al. 2013 ) and 1 area where 2 species of tarsier live (i.e. Tarsius diana and T. pygmaeus in central Sulawesi), only on Borneo, southern Sumatra and the intervening islands of Bangka and Belitung do we find slow lorises and tarsiers in sympatry (Nijman & Nekaris 2010) . On Banka and Belitung and possibly southwest Borneo, T. bancanus lives sympatrically with N. bancanus; on southern Sumatra it lives sympatrically with N. coucang; and on different parts of Borneo it lives sympatrically with N. menagensis, N. borne anus or N. kayan. While no studies to date address niche overlap in slow lorises and tarsiers, some researchers have suggested intense competition (Harcourt 1999) . Both taxa share a similar diet (Jablonski & Crompton 1994 , Ravosa 1998 , Nekaris & Bearder 2007 . Bornean slow lorises N. menagensis have even been observed attempting to predate on tarsiers (Niemitz 1979) . Some argue that because tarsiers are strict undergrowth foragers, most competition is avoided (Niemitz 1984 , Crompton & Andau 1987 , but all slow loris species forage at all levels of the forest (Wiens & Zitzmann 2003 , Pliosoengeon & Savini 2008 , suggesting an absence of spatial niche separation.
Here we address whether these primates have evolved niche divergences to lessen intergeneric competition. On a small geographic scale, we focused on the island of Borneo to assess whether slow loris and tarsier microhabitats vary based on tree/sapling density and size (diameter at breast height [DBH] and height). At a larger geographic scale, we evaluated the use of vertical strata by a wide range of slow loris and tarsier species. We hypothesize that in order to reduce competition there will be a difference between observed heights; this would then infer niche separation between tarsiers and slow lorises that live sympatrically. There should be no difference in observed median heights of allopatric species. Additionally, we compare densities of sympatric slow lorises and tarsiers with values from the allopatric populations of these genera. If competition is affecting the sympatric genera, then those populations should have lower densities compared with the allopatric populations.
MATERIALS AND METHODS

Study site
The research was conducted in the Lower Kinabatangan Wildlife Sanctuary (LKWS), east Sabah, Malaysian Borneo. The LKWS is composed of 7 different forest types: riverine, seasonally inundated, swamp, limestone, dry dipterocarp, estuary nipa and mangrove (Ancrenaz et al. 2004 , Davison 2006 . The entire sanctuary spans 26 100 ha along both sides of the Kinabatangan River (Goossens et al. 2005 , Davison 2006 . Data were collected in a 123 ha flat forest area surrounding the Danau Girang Field Centre (DGFC) (elevation 15 m a.s.l.; Fig. 1 ). The DGFC consists of 2 forest types: semi-inundated and mixed riparian. In some areas the tree density is high, reducing visibility to as little as 2 m. The temperature remains steady all year round (mean ranging between 21 and 34°C). Flooding occurs during the wet season (November−February), precluding data collection, and consequently the study took place during the dry season.
Survey methods and density estimation
Line-transect surveys were conducted from 17 March to 4 September 2009, between the hours of 18:30 and 02:00. Seven trails and transects were walked a minimum of 4 times, a maximum of 20, and an average of 13. Pre-made trails were used to reduce impact on the forest. These trails were predominately straight, which is why we used them for this study. Surveys covered the various habitats of DGFC (Davies 2002) and were typically conducted by 2 people. The average transect/trail length was 1.1 km, walked at 600 m h −1 . All levels of vegetation were scanned with a Petzl Myo Zoom 4.5 V headlamp, with a mix of red and white filters. Red filters were preferred, as studies indicate that red lights are less disturbing and increase animal observation time (Ne ka ris 2003 , Bearder et al. 2006 , Nekaris & Nijman 2007 .
Detection of most nocturnal primates depends on their eye shine, which is produced by a reflective layer of tissue behind the retina known as the tapetum lucidum (Bearder et al. 2006) . Slow lorises possess this layer of tissue (Fleagle 1999) , unlike tarsiers (Schwartz 2003) . Most tarsier studies have focused on the Sulawesi species, which are easily detected by their regular duets during dusk and dawn (Gursky 1998) . Western tarsiers are not known to vocalize regularly, making them hard to detect; they were detectable from a red eye glare when a red filter was used.
We collected the following data: number of animals detected on the transect and animal height in the tree. When possible we also recorded the behavior of the animals upon detection.
We calculated density (D) as D = n/2wl, where n is the number of animals observed, w is the half-width of the trail and l is the length of the trail. The halfwidth of the trail was obtained by eliminating 10% of the furthest sightings from all observations (Sutherland 2002) . Due to the low observation numbers for both primates, the same half-width was used for both.
Microhabitat use
For Borneo, we used biodegradable flagging tape to mark areas where slow lorises Nycticebus menagensis or tarsiers Tarsius bancanus borneanus were found and we returned later to conduct vegetation samples. We created a 5 m radius around the trees on which the animals had been spotted. We measured the DBH and height of each tree and sapling in the area that was above 1 m in height. The measurement of small saplings was necessary because of small DBH and height (Niemitz 1984 , Crompton et al. 2010 . For comparison, we randomly selected a control group of 6 plots and measured trees in the same manner as described above. To obtain the random sample, we superimposed a grid of 2.5 cm squares on a map of the field site, and blindly selected plots. In all, 8 loris plots, 6 tarsier plots and 6 neutral plots were examined. Across all regions, we collected data on density and habitat use of slow lorises and tarsiers from the literature. Relatively few studies have attempted to estimate densities of these nocturnal primates, and we included only studies that reported densities (as opposed to encounter rates) irrespective of the methodology employed. When densities were reported in groups km -2 , we converted this to ind. km -2 using group sizes as reported in the same study, or, if these were not available, group sizes as reported by Gursky (2007) . With respect to habitat use we focused on the median height at which slow lorises or tarsiers were observed, provided the studies reported the range of values.
Analysis
Using a Kolmogorov-Smirnov test, we found our vegetation data were not normally distributed (height, D = 0.2, p < 0.001 and DBH, D = 0.2, p < 0.001), and generally sample sizes for comparisons were low. We therefore used non-parametric tests throughout. We used the Kruskal-Wallis ANOVA to determine whether variation existed between slow loris, tarsier and neutral habitats. Post hoc Mann-Whitney U-tests were used to test for differences between pairs of habitat types. An additional post hoc test comparing mean ranks to discern deviation was also used, as Mann-Whitney U-tests are not always reliable as a post hoc test (Field 2009 ). To test for differences in densities and height differences between slow lorises and tarsiers living in sympatry or allopatry, we used Mann-Whitney U-tests. All tests were run in SPSS v 17.0 with an alpha value of 0.05, 2-tailed.
RESULTS
Densities and microhabitat use of slow lorises and tarsiers on Borneo
Our study yielded a survey effort of 68.56 km. The determined half-width for both species combined was 10 m, giving a strip width of 20 m. The range of distances from transect for sightings was 0−27 m, with a median of 3 m. Slow lorises were sighted at greater heights than tarsiers (median height for lorises = 15 m, range = 8.5−30 m; median height for tarsiers = 1.25 m, range = 0.5−3 m). Over the study period we saw a total of 8 lorises and 5 tarsiers, resulting in densities of 5.1 lorises km −2 and 3.6 tarsiers km −2 .
Comparisons of the loris, tarsier and neutral habitats revealed that heights of trees in the supposed microhabitats of loris (median = 6.8 m, range = 1.3−43.1 m) and tarsier (3.6 m, 0.8−17.8 m) and in neutral areas (6.1 m, 2−45.3 m) differed significantly (H 2 = 25.92, p < 0.001). A similar difference was found when comparing tree sizes as measured by DBH with medians of 17.8 cm for lorises (range = 2.4−74.5 cm), 6.2 cm for tarsiers (0.04−42 cm) and 12.2 cm for neutral areas (3.8−50.3 cm; H 2 = 19.37, p < 0.001). Tarsier and loris habitats varied significantly in height (Mann-Whitney U-test, U = 734.5, p < 0.001) and DBH (U = 877.5, p < 0.001). Post hoc analyses indicated that there were no differences between loris and neutral habitats for either height or DBH (Mann-Whitney U-tests: height, U = 968.5, p = 0.758; DBH, U = 943.5, p = 0.611). Conversely, tarsier and control habitats differed significantly (height, U = 538.5, p < 0.001; DBH, U = 568, p < 0.001). Finally, the trees in which lorises and tarsiers were actually recorded differed significantly both in height (U = 0.0, p < 0.001) and DBH (U = 0.0, p < 0.001). Tree density was similar in both loris and tarsier microhabitats (U = 8.5, p = 0.421). The median number of trees in loris plots was 8 (range = 4−24) and in tarsier plots it was 11 (6−16).
Densities and microhabitat use of allopatric and sympatric slow lorises and tarsiers
Seven density estimates were available for 5 species of slow loris, and 9 density estimates were available for 5 species of tarsier (Table 1 ). In the areas where lorises are allopatric with tarsiers, these estimates ranged from 3 ind. km −2 (Nycticebus bengalensis in Thailand) to 80 ind. km −2 (N. coucang in Malaysia). With a density of 5.1 ind. km −2 for N. menagensis, there was no significant difference between densities of slow lorises in areas where they are sympatric or allopatric (Mann-Whitney U-test, U = 5, p = 0.571). The range of values for tarsiers was larger than for lorises with low estimates for Tarsius bancanus (3 to 27 ind. km −2 ) and higher estimates for the other species (57 to 268 ind. km −2 ). As such, there is a clear difference between densities of tarsiers in areas where they live allopatrically from lorises (Sulawesi, Philippines) and where they live in sympatry (Borneo, Belitung) (Mann-Whitney U-test, U = 15, p = 0.036). We acknowledge that we only have one density estimate for lorises in sympatry with tarsiers, and only 3 estimates for tarsiers in sympatry with lorises, and thus our results should be taken with caution. But these results do highlight differences, especially in the case of tarsiers.
Vertical strata use did not differ between populations of tarsiers in areas of sympatry or allopatry ( Table 2) , irrespective of whether we focused our analysis on median, minimum or maximum reported heights (Mann-Whitney U-test, 10 < U < 14, p > 0.114). In contrast, vertical strata use differed be tween populations of lorises in areas of sympatry or allopatry (Table 2) , and these differences were significant for median and low heights (Mann-Whitney U-test, median, U = 18, p = 0.036; low, U = 22, p = 0.026) but not for maximum height (U = 19.5, p = 0.102). Comparing allopatric populations of lorises and tarsiers, there was no significance in median or maximum heights (Mann-Whitney U-test, 22 < U < 28.5, p > 0.412). Given that in these areas tarsiers are invariably recorded on the ground, there was a small but marked difference between lorises and tarsiers when comparing minimum heights (Mann-Whitney U-test, U = 40, p = 0.018) (Fig. 2) .
DISCUSSION
Abundance of nocturnal primates
Here we report for the first time densities of slow lorises and tarsiers living sympatrically and studied simultaneously. Despite considerable efforts, we recorded few animals and our density estimates from this Bornean study are low compared with those reported from areas where slow lorises and tarsiers do not live sympatrically. Our encounter rates with Bornean slow lorises are similar to those reported by Nekaris et al. (2008) and Munds et al. (2008) , suggesting that slow lorises occur in low densities on Borneo. While low, possibly because of the paucity of data, we were not able to demonstrate a significant difference between slow loris densities on Borneo and that of slow lorises in other areas. Table 2 for list of studies used lorises on Borneo, it appears that tarsiers that live sympatrically with slow lorises do occur in lower densities than their congeners that live outside the geographic range of slow lorises (see Blackham 2005) . The low densities observed in sympatric species could be due to competition (Table 1) . Tarsiers and slow lorises share a similar diet, although there are differences, as lorises are omnivorous and tarsiers only eat living prey (Jablonski & Crompton 1994 , Ravosa 1998 , Nekaris & Bearder 2007 . Even so, competition for resources, including prey, could be a limiting factor to population growth. Overall, there was a significant difference between the sympatric and allopatric population densities of tarsiers, with an average population density of tarsiers living allopatrically from slow lorises of 159 ind. km −2 , and an average population density of species living sympatrically with slow lorises of 16 ind. km −2 . It is possible that lorises are predating on tarsiers (Niemitz 1979) , which could be impacting the tarsier population. More research is needed to confirm this speculation, but it has been observed before and could be a potential driver of the low population size of tarsiers that are sympatric with lorises. Slow lorises did not show significant differences in density between the allo patric and sympatric populations, although on average the sympatric populations had a lower average population size in comparison with the allopatric species (sympatric: 5 ind. km −2 ; allopatric: 28 ind. km −2 ).
Microhabitat variability and niche divergence
The differences in microhabitats could be reducing competition between lorises and tarsiers, as there was a significant difference between the microhabitat structures of the genera. Lorises appear to lack a defined microhabitat, as differences between loris plots and control plots were not significant. Past studies on slow lorises have found that they occupy numerous types of environment, from plantations and other agricultural areas to heavily degraded forests and pristine forests (Elliot & Elliot 1967 , Wiens & Zitzmann 2003 , Radhakrishna et al. 2006 ). An important limitation for lorises is that they are quadrupedal and are incapable of leaping, thus requiring canopy continuity to move easily throughout the forests, although they can move on the ground when necessary (Nekaris & Bearder 2007) . In contrast, tarsiers require dense undergrowth. Studies indicate tarsiers are not capable of adapting to agricultural areas or modified landscapes (e.g. Merker et al. 2005) . Populations in anthropo genically modified areas are considerably lower compared with other populations (Merker et al. 2005) . Such requirements pose a challenge for tarsiers when confronted with environmental and ecological changes.
Competing against an adaptable animal, such as a loris, could be affecting the population size of tarsiers, and may explain why tarsiers are confined to select areas of a forest. Areas where tarsiers were found lacked the continuity that lorises required, but did provide the necessary substrates for tarsiers: trees with small DBH. Crompton & Andau (1987) and Niemitz (1984) noted that Bornean tarsiers preferred vertical supports smaller than 4 cm DBH. These small, vertical substrates allow for easy grasping, which helps with vertical clinging and leaping (Crompton et al. 2010) . Tarsiers in our study were observed in trees with an average DBH of 4 cm, and the median DBH in tarsier plots was 5 cm. Conversely, lorises were found in trees with a DBH of 40 cm, and the median DBH values of loris and neutral plots were twice as large as in tarsier plots. The results of the present study indicate that lorises are less selective in their habitats, but do not occur in preferred tarsier habitats as the supports required are not available. This suggests that competition is being avoided because slow lorises are restricted to habitats that have canopy continuity which enables them to move easily.
An additional observed niche divergence is the level of height at which individuals were observed (Table 2) . Logically, because Bornean tarsiers prefer trees with a small DBH, they are found at lower levels in the canopy. In our study we observed an average height of 1.8 m (range 0 to 20 m). Slow lorises occupied heights that ranged from the ground to as high as 30+ m (Wiens & Zitzmann 2003 , Nekaris & Bearder 2007 , but until now almost all studies have been conducted on species that do not share height ranges with tarsiers. The median height of trees used by Bornean lorises was 15 m, with a range of 8.5 to 30 m. The Bornean loris range overlaps the range of the tarsiers, but only by 1.5 m. Compared with other Nycticebus spp., the Bornean lorises do significantly favor higher canopy levels.
This use of higher levels of the canopy sustains a stable co-existence with the Bornean tarsiers, and our results are comparable, although not as detailed, as the classic canopy division study performed in Gabon on 5 sympatric nocturnal primates (Charles-Dominique 1977) . These strepsirrhines shared a habitat, but were able to co-exist because of different requirements, which affected their canopy height preferences. In the Gabon study, the Allen's bushbaby Sciurocheirus alleni cameronensis, a vertical clinger and leaper, was found at heights of 1 to 2 m and on vertical supports of 1 to 15 cm. The potto Perodicticus potto edwardsi, a quadrupedal primate, spent most of its time in the upper canopy (20 to 40 m), but was spotted as low as 5 m, and was found on large branches and lianas (Charles-Dominique 1977) . Other researchers have had similar results, indicating that height preference can be an outcome of locomotion or ecological needs (Harcourt & Nash 1986 , Fleagle 1999 , Heymann & Buchanan-Smith 2000 , Pimley 2002 , Bearder et al. 2003 .
Suggestions for future studies
Other niche divergences contributing to the sympatry of these nocturnal primates need to be explored. One is the body size and weight differences. The Bornean loris has a median weight of 420 g (range 265 to 682 g) and an average body length of 260 mm (R. A. Munds unpubl. data). The western tarsier (all T. bancanus ssp.) has a median weight of 115 g (range 106 to 138 g) and an average body length of 160 mm (Nekaris & Munds 2010, R. A. Munds unpubl. data) . The differences in body size may contribute to differences in metabolic rates and dietary requirements. In the present study we also observed differences in anti-predator strategies. Upon detection, we noted that tarsiers would take flight, quickly leaping from sapling to sapling. Lorises would freeze, sometimes hiding their faces and eyes from the observer. Different flee responses have been observed in sympatric mouse lemurs (Radespiel et al. 2003) , galagos (Bearder & Doyle 1974) and other lorisids (Charles-Dominique 1977) .
Data are needed on various aspects of the ecology of these primates to discern how niche divergences are reducing competition. We recognize the limitations of our study, especially in regards to the geographically wide-scale cross-site comparison. Unfortunately, detailed information on microhabitats of these genera is difficult to find. Our small-scale study of these genera is one of the few to provide information on the microhabitat compositions of these species, particularly in terms of tree size (DBH and height). Such information on the other sites that we incorporated in the broader geographic study is not easy to obtain. Future studies need to provide this information, as understanding the forest composition of these primates is necessary to create effective conservation action plans. This study provides a first glimpse into how these primates are living sympatrically and confirms that Bornean lorises and tarsiers appear to be living sympatrically by favoring different habitats and canopy heights. In regards to population size, loris populations do not seem to be impacted by the presence of tarsiers. However, tarsier populations are affected by the presence of lorises, and conservationists should consider this when developing conservation action plans for tarsiers. Additionally, microhabitat preferences and sympatric relationships should be considered when establishing conservation statuses and designing future conservation action plans for sympatric tarsiers and lorises. 
